Abstract: This research was conducted to treat rubber industry wastewater by using fly-ash as an adsorbent and hybrid membrane UF-RO to produce clean water. In this research was analyzed the effect of flow rate of wastewater treatment to remove turbidity, zinc, and iron. The applied flow rate of membrane separation was of 7 L/min and 14 L/min and the operation time was of 90 min respectively. The rejection concentration of turbidity, zinc, and iron decreased with increasing the flow rate at adsorbent fly-ash. Whereas at the hybrid membrane UF-RO, the rejection concentration of turbidity, zinc, and iron increased with increasing the flow rate. The maximum rejection of turbidity was 24.26%, 95%, and 67.89% for adsorbent fly-ash, UF membrane, and RO membrane respectively. The maximum rejection of zinc was 91.67%, 59.70%, and 14.81% for adsorbent fly-ash, UF membrane, and RO membrane respectively. The maximum rejection of iron was 62.24% and 21.62% for adsorbent fly-ash, UF membrane respectively. The pollutants concentration in the permeate was met the quality standards of the Indonesian health department through the decision of the Minister of Health number 907 of 2002 concerning supervision of the quality of drinking water.
Introduction
Indonesia has the largest rubber plantation land in the world with a land area of 3,616,694 hectares [1] . Indonesia is the second largest rubber-producing country after Thailand. Along with the size of rubber products owned, the growth of the rubber processing industry can develop well. The positive impact of the growth of the industry is decreased in the unemployment rate and can improve the standard of living of the people. Rubber is one commodity that is able to contribute a large contribution in efforts to increase the country's devisa. However, the growth of this industry also has a negative impact on the process, namely, the waste produced can disrupt the environment and public health. One of the wastes produced is wastewater.
Wastewater from industry contains dissolved solids, high acidity or alkalinity, and heavy metals [2] . Heavy metals are major sources of toxic materials [3] . A large amount of zinc can cause health problems, such as anemia, vomiting, skin irritations, nausea and stomach cramps [4, 5] . Wastewater treatment products that have met the quality standards of the Indonesian health department through the decision of the Minister of Health number 907 of 2002 can be reused as drinking [6] .
There are several types of rubber industry wastewater treatment that have been carried out, such as using direct contact membrane distillation (DCMD) process can significantly reduce the level of total organic carbon (TOC), total dissolved solid (TDS), sulfate, color, turbidity and conductivity in rubber industry wastewater of almost 96% [7] , a combination of physicochemical and ozonation processes, the results showed that the use of the chemical coagulation process with iron chloride (FeCl 3 .7H 2 O) in the first stage of this study reduced COD by 37% from the initial amount (0.56 g/L). The optimal dose and pH ranges are 0.775 g/l and 6.5 respectively. When using Al 2 (SO 4 ) 3 , the COD reduction rate was 42%, and the optimal dose and pH range were 0.45 g/L and 6.5-7 respectively. After the ozonation process, COD is reduced to 70.75% and 90.6% [8] , The processing of rubber industry wastewater currently uses more conventional methods and the use of aerobic and anaerobic bacteria [9] . Therefore, it is necessary to carry out appropriate technological innovations in wastewater treatment, one of which is using a membrane combined with the pretreatment process so that it can reduce the tendency for flux to decrease during operating time due to depositional material on the membrane surface, known as fouling. To reduce the buildup of material on the membrane, preliminary treatment can be carried out using sand filters and fly-ash adsorbents, so as to reduce the workload of the membrane and extend the lifetime of the membrane. Fly-ash can be used as an adsorbent because it has large pores [10] . Fly-ash can remove organic contaminants because they contain high carbon, have a large surface area, and contain elements of Al, Fe, Ca, Mg, and Si [11] . In recent years, research about the fly-ash as adsorbent has been done, such as fly-ash is capable of removing heavy metals Zn 2+ , Pb 2+ in dyes [12] , fly-ash can be used as an adsorbent in the FeCl 3 -coal fly ash (CFA) hybrid process and succeed in reducing pollutants by up to 80% [13] , the use of coal fly ash (CFA)-Bed can reduce color, TSS, COD, and turbidity by 88%, 92%, 67% and 89% in industrial coloring wastewater [14] , fly-ash can eliminate 15.88 mg/g Fe (II) and 12.74 mg/g Zn (II) [15] , fly-ash can reduce the value of COD, BOD, and TS in domestic waste by up to 60% [16] , fly-ash as an adsorbent is also supported by research on fly-ash can reduce Zn 2+ , Pb 2+ , and As (V) ions [17] .
Membranes are defined as a porous, thin film, semipermeable media which functions to separate molecular size particles (species) in a system of solutions. Species that have a larger size than the membrane pore will be held while the smaller size of the membrane pore will pass through the membrane pore [18] . The process of separation with membranes can occur due to the pressing force which results in mass transfer through the membrane.
The ability of membranes to reduce metals has been done by mathematical modeling of zinc removal from wastewater using nanofiltration and osmosis membranes [3] , using an ultrafiltration membrane to reduce the turbidity value to below 1 NTU [19] .
This study is to combine the pretreatment process including sand filter and adsorption using fly-ash as an adsorbent. Followed by ultrafiltration membrane and reverse osmosis membrane with variations in flow rate, so that it can find out the best conditions in treating rubber industry wastewater. The research conducted focuses on reducing the value of turbidity, iron, and zinc.
Methods

Materials
Rubber industry wastewater sample comes from one of processing site industry at Palembang, South Sumatera, Indonesia. The fly-ash as an adsorbent was activated physically using an oven with the temperature 120ºC inside the adsorption column. The main equipment to treat of adsorbent product using technology hybrid membrane UF -RO.
Procedures
Wastewater sample of the rubber industry from the sand filter column was analyzed of turbidity, iron, and zinc to know an initial concentration. Then, the sample was pumped to the adsorbent column. The water output from the adsorbent column was collected in the ultrafiltration membrane feed tank. From the ultrafiltration membrane feed tank, water was pumped to the ultrafiltration membrane column.
Figure 1 Experimental Set Up
The output water from the ultrafiltration membrane was collected in a reverse osmosis membrane feed tank. From the reverse osmosis membrane feed tank, water was pumped into the reverse osmosis membrane column. The permeate was collected in the clean water tank. The output from each column processing was collected into the bottle sample to analysis the turbidity, iron, and zinc. The process was applied flow rate of 7 L/min and 14 L/min and the operation time was of 90 min respectively.
Analysis
The laboratory analyzes wastewater sample was performed for turbidity using Turbidity meter (Thermo 
Results and Discussion
Analysis of Rubber Industry Wastewater
Wastewater sample of the rubber industry from the sand filter column was analyzed of turbidity, iron, and zinc to know an initial concentration. The results of the initial analysis of rubber industry wastewater are shown in Table 1 below. Table 1 shows that the water from the pretreatment using sand filter still has iron and zinc and the turbidity value is quite high compared to the recommended maximum value based on the Republic of Indonesia Ministry of Health through the Ministry of Health No.907 Th. 2002. Therefore, in the rubber industry wastewater, it is necessary to carry out an advanced pretreatment process using fly-ash as an adsorbent to optimize the performance of hybrid membranes ultrafiltration and reverse osmosis.
Effect of Flow Rate on Decreasing Turbidity Value
Data on the effect of the flow rate on the value of turbidity are presented in Figure 2 below.
Figure 2 Effect of Flow Rate on Turbidity
Turbidity test at flow rate 7 L/min and 14 L/min as seen in Figure 2 . From these results indicate that the flow rate does not affect the decrease in the concentration of turbidity in the adsorbent process. Percent decrease in turbidity both at flow rate 7 L/min and 14 L/min fly-ash adsorbent by 24.26%. Whereas in the hybrid membrane UF-RO, turbidity rejection concentration increases with increasing flow rate. The maximum rejection of turbidity that occurs at a flow rate of 14 L/min, which is 95% in the ultrafiltration membrane and 67.89% in the reverse osmosis membrane. This occurs because the membrane operation requires a flow rate relatively high so that it can push the feed to separate it from pollutants.
Effect of Flow Rate on Decreasing Iron Value
Data on the effect of flow rate on decreasing iron values is presented in Figure 3 below. Figure 3 shows the effects of flow rate on decrease iron in both the adsorbent column and the ultrafiltration and reverse osmosis membranes. The decrease in optimum iron value occurs at flow rate 7 L/min, which is 62.24% in the adsorbent column, this is because the feed contact time with the adsorbent is longer than at the flow rate 14 L/min so that the removal is more optimal. The ultrafiltration membrane has an optimal decrease in iron value of 21.62%. Whereas in reverse osmosis membranes there tends to be no decrease in iron value compared to the output value of the ultrafiltration membrane.
Effect of Flow Rate on Decreasing Zinc
Data on the effect of flow rate on decreasing zinc values are presented in Figure 4 below. Figure 4 shows that the flow rate effects the decrease in the value of zinc in the adsorbent column. The optimum decrease occurred at 7 L/min flow rate of 91.67%, this was due to longer feed contact time with the adsorbent compared to the 14 L/min flow rate so that the reduction was more optimal. While for both ultrafiltration and reverse osmosis membranes the optimum decrease occurred at the flow rate of 14 L/min, which is 59.70% in the ultrafiltration membrane and 14.81% in the reverse osmosis membrane, this is in accordance with the working principle of the membrane which requires strong pressure to separate pure solution with particles contained in it.
Figure 4 Effect of Flow Rate on Decrease Zinc
Conclusion
The results of the analysis showed that the rejection concentration of turbidity, zinc, and iron decreased with increasing the flow rate at adsorbent flyash. Whereas at the hybrid membrane UF-RO, the rejection concentration of turbidity, zinc, and iron increased with increasing the flow rate. The maximum rejection of turbidity was 24.26%, 95%, and 67.89% for adsorbent fly-ash, UF membrane, and RO membrane respectively. The maximum rejection of zinc was 91.67%, 59.70%, and 14.81% for adsorbent flyash, UF membrane, and RO membrane respectively. The maximum rejection of iron was 62.24% and 21.62% for adsorbent fly-ash, UF membrane respectively. The pollutants concentration in the permeate was met the quality standards of the Indonesian health department through the decision of the Minister of Health Republic Indonesia number 907 of 2002 concerning supervision of the quality of drinking water.
